We measured the ability of 100 strains of lactic acid bacteria (LAB) isolated from miso to induce Th1-type cytokines (interleukin (IL)-12 and IFN-γ) using mouse Peyer's patch (PP) cells, and selected Tetragenococcus halophilus MN45 strain (MN45) as the strain with the potential for a strong anti-allergic effect. MN45 cultured in medium containing 15% NaCl for more than 2 days showed the strongest activity of Th1-type cytokine induction among MN45 cultured at various NaCl concentrations and culture times. Next, we analyzed the ability of MN45 to suppress IgE production and the mechanism thereof by neutralizing IL-12 and IFN-γ using PP cells and splenocytes from ovalbumin (OVA)-induced allergic diarrhea model mice. Analysis revealed that MN45 induced IL-12 first, and then IL-12 induced IFN-γ strongly and inhibited IgE production. These results indicate that MN45 may exert an anti-allergic effect.
Introduction
Miso is a traditional Japanese fermented food. It is produced by fermentation of a mixture of soybeans, salt, yeast, lactic acid bacterium (LAB) and koji, which is Aspergillusfermented soybeans, rice or wheat. In the process of fermentation, these microorganisms decompose the ingredients and produce peptides, gamma-aminobutyric acid (GABA), fatty acids, fatty acid esters, polysaccharides, glycoproteins, and isoflavones. It has been reported that the metabolic products in miso have multiple biological activities, such as an antihypertensive effect, an anti-carcinogenic effect and an antioxidant effect (Aoki et al., 2003; Hirayama, 1982; Esaki et al., 1999) . However, the beneficial functions of the structural components constituting the microorganisms themselves have not yet been reported.
Miso contains approximately 5 -15% NaCl and the fermentation continues from 1 week to 20 months (Murooka et al., 2008) . Although most species of LAB are unable to grow at such high NaCl concentrations, the halophilic lactic acid bacterium Tetragenococcus halophilus can grow in such a severe environment and plays an important role in deepening the taste and aroma of miso. It has been reported that unconventional microorganisms adapted to such severe environments have special structures and compositions which differ from those of LAB growing in a low or no NaCl environment (Piuri et al., 2003; Piuri et al., 2005) such as fermented milk, yogurt. Therefore, it is postulated that LAB growing in a high concentration of NaCl have different beneficial functions from LAB in yogurt, and may have stronger activities. It has been reported that some LAB isolated from dairy products or human bowel have intestinal regulation effects, immunomodulatory properties, an anti-tumor effect, an antiallergic effect and a protective effect against viral infection (Yasui et al., 1999; Takeda and Okumura, 2007; Ishida et al., 2003; Ishida et al., 2005; Isolauri et al., 1994; Hori et al., 2002) . Though it has been reported that T. halophilus isolated from soy sauce has an anti-allergic effect (Masuda et al., 2008) , the anti-allergic effect and different beneficial functions of halophilic LAB isolated from other fermented vegetable foods have not been clarified. Therefore, we focused on LAB isolated from miso, and evaluated and analyzed the immunomodulatory properties and the anti-allergic effect of the LAB.
Allergic disease is an unfavorable phenomenon caused by an excess immune response and is classified into four lergic diarrhea mice were prepared as follows. Mice were primed by subcutaneous (sc) injection of 1 mg OVA in Complete Freund's Adjuvant (CFA). One week after systemic priming, mice were repeatedly challenged with 10 mg OVA by oral administration 3 times per week for several weeks (Masuda et al., 2010) . The mice whose serum IgE level was increased to approximately 2,000 ng/ mL were used. All animal experiments in the present study followed the guidelines for the regulation of animal experiments of Shinshu University.
Microorganisms One hundred LAB strains isolated from miso, traditional Japanese fermented soy beans, were used. These strains were incubated in de Man, Rogosa and Sharpe (MRS) broth containing 15% NaCl at 30℃ for 7 days, harvested by centrifugation at 2,000 rpm for 15 min, washed 3 times with distilled water, and freeze-dried. Then, these microorganisms were killed at 121℃ for 15 min. No.45 strain, selected as one of the strains which strongly induced Th1-type cytokines, was identified as T. halophilus by the 16s RNA method and named T. halophilus MN45 strain (MN45). In order to determine the relationship between MN45 culture time and cytokine induction activity, this strain was incubated in MRS broth containing 15% NaCl at 30℃ for various times (2, 3, 5, 15, 25 and 35 days) and to determine the relationship between the concentration of NaCl in the culture medium and cytokine induction activity of this strain, it was incubated in MRS broth containing various concentrations (1.6, 5, 10 and 15%) of NaCl at 30℃ for 3 days. In addition, to determine the relationship between MN45 culture time and inhibition of IgE production, this strain was incubated in MRS broth containing 15% NaCl at 30℃ for 2, 3 and 5 days.
Cell Cultures PP cells were prepared from PPs in BALB/c or OVA-induced allergic diarrhea mice by treating with 1.10 units/mL dispase (Gibco, Grand Island, NY, USA) dissolved in Joklik modified MEM (Sigma-Aldrich, St. Louis, MO, USA) (Masuda et al., 2010) . Splenocytes were isolated as a single-cell suspension from OVA-induced allergic diarrhea mice and prepared by depletion of erythrocytes. PP cells (2.5 × 10 6 cells/mL) and splenocytes (2.5 × 10 6 cells/mL) were cultured in RPMI-1640 medium (Sigma-Aldrich) containing fetal bovine serum (FBS; Biowest, Miami, Florida, USA), 100 U/mL penicillin, and 100 μg/mL streptomycin without (control) or with 1 μg/mL of heat-killed LAB in 96-well culture plates in a 37℃, 5% CO 2 incubator. The concentrations of FBS in RPMI-1640 medium were 5% for cytokine determination and 10% for IgE determination. Culture supernatants were harvested at 3 days to measure Th1-type cytokine (IL-12 and IFN-γ) and Th2-type cytokine (IL-4) production and at 14 days to measure IgE production. The types, type-1, −2, −3 and −4. Food allergies, pollen allergies, atopic dermatitis and asthma are classified into type-1 allergy and the number of type-1 patients has been increasing worldwide. The main cause of type-1 allergy is excess production of IgE antibodies to allergens. Immune responses regulated by helper T (Th) cells are deeply engaged in the mechanism of IgE production. Th cells are classified into certain subtypes, including Th0, Th1, Th2, Th3, Th17, regulatory T cells (Treg), and they produce various types of cytokines (Romagnani, 1999; Saito et al., 2010 (Yasui et al., 1999; Masuda et al., 2010) . It has been reported that some strains of LAB have the ability to enhance the production of IL-12 from APCs , leading to the differentiation from Th0 cells to Th1 cells. IFN-γ produced by Th1 cells suppresses the expansion of Th2 cells and B cells and the secretion of IL-4 and IgE (Chung, 2001) . It is considered that improvement of the Th1/Th2 balance, represented by augmentation of IFN-γ/ IL-4 value and suppression of IgE production by promoting the production of Th1 type cytokines , is a possible mechanism of the anti-allergic effects of LAB (Masuda et al., 2010) .
In the present study, we examined the potential antiallergic effects of halophilic LAB isolated from miso. First, we screened for strains that induce a large quantity of Th1-type cytokines, from among 100 LAB strains isolated from various miso brewing processes, using a mouse Peyer's patch (PP) cell culture method and selected the Tetragenococcus halophilus MN45 strain (MN45). PPs are an important intestinal immune tissue first encountered by ingested food. Second, we analyzed the ability of MN45 to inhibit IgE production and the mechanism thereof using PP cells and splenocytes from OVA-induced allergic diarrhea model mice. Splenocytes play an important role in systemic immunity.
Materials and Methods
Mice Female BALB/c mice were purchased from SLC (Hamamatsu, Japan) and were used at 8 weeks of age. Al-H 2 SO 4 . The absorbance of the contents of the wells was read at 450 nm on a Microplate Reader (Bio-Rad Laboratories).
Statistical analysis The levels of various cytokines and IgE production in PP cells and splenocytes from BALB/c mice or OVA-induced diarrhea mice were expressed as mean ± standard deviation (SD). Statistical evaluation of the differences between two samples was performed using a two-sided Student's t test and differences between multiple samples was performed using ANOVA analyses followed by post hoc multiple comparison using Tukey's test. In all cases, probability values of less than 0.05 were considered statistically significant.
Results

Screening of LAB strains that increased IL-12 and IFN-γ production in PP cells from BALB/c mice
We examined the cellular immunomodulatory function of 100 LAB strains isolated from miso using a PP cell culture method (Table 1) . We found some strains that induced large quantities of IL-12 and IFN-γ. Eight strains, No.5, No.14, No.35, No.36, No.40, No.42, No.45 and No.64 , of 100 strains induced more than 4.5 ng/mL of IL-12. As for IFN-γ, a great number of the 100 strains showed high induction. In particular, 7 strains, No.19, No.20, No.42, No.45, No.56, No.65 and No.74 , induced more than 100 ng/ mL of IFN-γ. These results suggest that the ability to induce IL-12 and IFN-γ depended on the strain of LAB. We selected strains No.42 and No.45, which strongly induced IL-12 and IFN-γ. In NC/Nga mouse splenocytes, an animal model of atopic dermatitis, in which the serum IgE level increased to approximately 2,000 ng/mL, strain No.45 showed a greater ability to improve the Th1/Th2 balance than strain No.42 (data not shown). Finally, strain No.45 (MN45) was screened as the LAB strain expected to have the strongest anti-allergic function among the 100 strains under examination, and was used in further experiments.
Relationship between MN45 culture time and cytokineinduction activity The growth of MN45 incubated in MRS broth containing 15% NaCl reached the stationary phase at three days from the start of culture (data not shown). As the LAB used for screening experiments were cultured for 7 days, the cultures contained not only live bacteria but also dead bacteria, and bacteriolysis was assumed to have occurred. It has been reported that the immunomodulatory activity of LAB contributes to the intact structure of the cell (Zeuthen et al., 2008) . Therefore, the culture time may influence the cytokine-induction activity of MN45. We determined the relationship between MN45 culture time and cytokine (IL-12 and IFN-γ) induction activities using a PP cell culture method. All MN45, cultured for various times (2, 3, 5, 15, 25 and 35 days), significantly induced Th1-type concentrations of IL-12, IFN-γ, IL-4 and IgE in the supernatants were determined by ELISA.
MN45 suppression of IgE and its underlying mechanism were evaluated using PP cells and splenocytes isolated from OVA-induced allergic diarrhea mice whose serum IgE increased to approximately 2000 ng/ml. The PP cells (2.5 × 10 6 cells/mL) and splenocytes (2.5 × 10 6 cells/mL) were cultured with 100 μg/mL of OVA in the absence (control) and presence of 1 μg/mL of MN45. Neutralization To determine the effect of Th1 and Th2 cytokines on MN45 suppression of IgE, a neutralization test was performed. Zero, 0.1, 1 and 10 μg/mL of purified rat anti-mouse IL-12 monoclonal antibody (clone C17.8; BD Biosciences, San Diego, CA, USA) or purified rat antimouse IFN-γ monoclonal antibody (clone XMG1.2; BD Biosciences) were added into splenocytes (2.5 × 10 6 cells/mL) from OVA-allergic diarrhea mice and these splenocytes were cultured in the presence of MN45 (1 μg/mL) in a 37℃, 5% CO 2 incubator. As a control, these splenocytes were cultured in the absence of MN45 and these antibodies. Supernatants were harvested at 3 days to measure cytokine (IL-12, IFN-γ and IL-4) production, and at 14 days to measure IgE antibody levels. The concentrations of IL-12, IFN-γ, IL-4, and IgE in the supernatant were determined by ELISA. ELISA Measurement of IL-12, IFN-γ, IL-4 and IgE in the culture supernatant was done by sandwich ELISA. Purified rat anti-mouse IL-12 (p40/p70) monoclonal antibody (cloneC15.6; BD Biosciences), rabbit (polyclonal) anti-mouse/rat IFN-γ (Biosource, Camarillo, CA, USA), or monoclonal antibody mouse IL-4 (clone 11B11; Mabtech, Nacka Strand, Sweden), or anti-IgE (LO-ME-2 purified; EIU, Belgium) was coated on the wells of a 96-well ELISA plate (Nunc, Roskilde, Denmark) using a carbonate buffer and incubated overnight at 4℃. After blocking the unoccupied sites on the plate with bovine serum albumin (BSA), the test sample and standard recombinant mouse IL-12 (Techne Corporation, MN, USA), recombinant murine IFN-γ (Biosource), recombinant murine IL-4 (Strathmann Biotec, Hanover, Germany), or purified mouse IgEκ monoclonal (BD Biosciences) was added. Subsequently, for the determination of cytokines, biotinylated rat anti-mouse IL-12 (p40/p70) monoclonal antibody (clone C17.8; BD Biosciences), mouse (monoclonal) anti-rat/mouse IFN-γ biotin conjugate (clone DB-1; BD Biosciences), biotin conjugated antibody mouse monoclonal IL-4 (clone BVD6-24G2; Mabtech), or biotinylated anti-IgE (LO-ME-2 biotin; Techopharm Biotechnology, Frankfurt, Germany) was used. Streptavidin-horseradish peroxidase conjugate was added to each well. 3,3',5,5'-tetramethylbenzidine (TMB) substrate (Sigma-Aldrich) was added to the wells and then the reaction was stopped by 1 M One hundred LAB strains were isolated from miso. These strains incubated in MRS broth containing 15% NaCl at 30℃ for 7 days were killed at 121℃ for 15 min. PP cells were cultured without (cont) or with 1 μg/ml of these strains in 37℃, 5% CO 2 incubator. The cytokines (IL-12 and IFN-γ) levels in the culture supernatants collected at 3 days were measured by ELISA. The strains which induced more than 4.5 ng/mL of IL-12 and more than 100 ng/mL of IFN-γ are marked with  and #, respectively. concentration. The relationship between the salt concentration in the culture medium and cytokine-induction activity was investigated using a PP cell culture method. As shown in Fig. 2 , MN45 grown in medium containing 15% NaCl showed the strongest IL-12 and IFN-γ induction. Therefore, we cultured MN45 in MRS medium containing 15% NaCl and analyzed the immunomodulatory function.
Relationship between MN45 culture time and inhibition of IgE production MN45 grows during the miso-making process for an extended period. We investigated the relationship between MN45 culture times (2, 3 and 5 days) and the inhibition of IgE production in PP cells from OVA-induced (IL-12 and IFN-γ) cytokines, and there were no significant differences in the IL-12 and IFN-γ induction activities among MN45 cultured for various times (Fig. 1) . This result showed that MN45 Th1-type cytokine induction activity was strongly maintained over an extended period of time and was independent of the structures or components of the bacteria, which may change during growth. As MN45 cultured for 3 days produced the maximum yield, this was employed in further examinations.
Relationship between the culture medium salt concentration and MN45 cytokine induction T. halophilus is one of the halophiles that grows in miso containing 5 -15% NaCl IgE Suppression of LAB from Miso Fig. 1 . Relationship between MN45 culture time and cytokine induction activity. PP cells were cultured without (control) or with 1 μg/mL of heat-killed MN45 incubated in MRS broth containing 15% NaCl at 30℃ for 2, 3, 5, 15, 25 and 35 days. The cytokine (IL-12 and IFN-γ) levels in the culture supernatants collected at 3 days were measured by ELISA. Significant differences compared to control were tested by two-sided Student's t test. **: p < 0.01 and ***: p < 0.001.
Fig. 2.
Relationship between culture medium salt concentration and MN45 cytokine induction activity. PP cells were cultured without (control) or with 1 μg/mL of heat-killed MN45 incubated in MRS broth containing various concentrations (1.6, 5, 10 and 15%) of NaCl at 30℃ for 3 days. The cytokine (IL-12 and IFN-γ) levels in the culture supernatants collected at 3 days were measured by ELISA. Significant differences were assessed by ANOVA analyses followed by post hoc multiple comparison using Tukey's test. Different letters (a, b and c) indicate statistically significant differences (p < 0.05). (P < 0.01, P < 0.05, and P < 0.01, respectively) (Fig. 3D, E) . Next, we examined whether the function of MN45 was confirmed in splenocytes as well as in PP cells. As shown in Fig.  4 , MN45 cultured for 5 days maintained the ability to induce IL-12 and IFN-γ and to suppress IgE production in splenocytes. Irrespective of culture time, MN45 suppressed IgE production equally in both PP cells and splenocytes. Therediarrhea mice. As shown in Fig. 3C , MN45 cultured for 2, 3 and 5 days did not inhibit IL-4 production in PP cells from OVA-induced diarrhea mice. However, they induced significantly large quantities of IL-12 and IFN-γ in PP cells of normal BALB/c mice (Fig. 3A, B, Fig. 1 ). These results suggested that MN45 cultured for 2, 3 and 5 days improved the Th1/Th2 balance and suppressed IgE production significantly e. ohata et al. PP cells obtained from OVA-induced allergic diarrhea mice were cultured without (control) or with 1 μg/mL of heat-killed MN45 incubated in MRS broth containing 15% NaCl at 30℃ for 2, 3 or 5 days. The cytokine (IL-12, IFN-γ and IL-4) or IgE levels in the culture supernatants collected at 3 or 14 days were measured by ELISA, respectively. The Th1/Th2 balance was represented as the rate of IFN-γ/IL-4 levels. Significant differences compared to control were tested by two-sided Student's t test. *: p < 0.05, **: p < 0.01 and ***: p < 0.001.
Fig. 4.
Relationship between MN45 culture time and inhibition of IgE production in splenocytes from OVA-induced diarrhea mice. Splenocytes obtained from OVA-induced allergic diarrhea mice were cultured without (control) or with 1 μg/mL of heat-killed MN45 incubated in MRS broth containing 15% NaCl at 30℃ for 2, 3 or 5 days. The cytokine (IL-12, IFN-γ and IL-4) or IgE levels in the culture supernatants collected at 3 or 14 days were measured by ELISA, respectively. The Th1/Th2 balance was represented as the rate of IFN-γ/IL-4 levels. Significant differences compared to control were tested by two-sided Student's t test. *: p < 0.05, **: p < 0.01 and ***: p < 0.001.
clear that IL-12 participated in the production of IFN-γ. Furthermore, the addition of 10 μg/mL of anti-IL-12 antibody increased IL-4 and IgE production significantly (Fig. 5 C, D) . With the addition of anti-IFN-γ antibody, IFN-γ was decreased and MN45 IgE suppression increased significantly (Fig. 6 B, D) . The production of IL-4 not suppressed by MN45 did not change with the addition of anti-IFN-γ (Fig.  6C) . The addition of 10 μg/mL of anti-IFN-γ decreased ILfore, we analyzed the mechanism of MN45 IgE suppression using splenocytes.
Mechanism of MN45-mediated splenocytes production of IgE in OVA-induced diarrhea mice The mechanism of MN45 IgE suppression was analyzed by neutralizing IL-12 or IFN-γ induced by MN45. With the addition of anti-IL-12 antibody, the IL-12 level was decreased significantly as was the production of IFN-γ (Fig. 5 A, B) . From this result, it was IgE Suppression of LAB from Miso Fig. 5 . Effects of anti-IL-12 antibody on the MN45-mediated responses of IL-12, IFN-γ, IL-4, and IgE production in splenocytes from OVA-allergic diarrhea mice. Splenocytes obtained from OVAinduced allergic diarrhea mice were cultured in the absence (control) and the presence (MN45) of MN45 (1 μg/mL). Anti-IL-12 antibody (0, 0.1, 1 and 10 μg/mL) was added in the presence of MN45 at the beginning of the culture period. Three or 14 days later, cytokine or IgE levels in the culture supernatant were measured by ELISA, respectively. Significant differences between the absence and presence of anti-IL-12 antibody on splenocytes were analyzed with two-sided Student's t test. *: p < 0.05, **: p < 0.01 and ***: p < 0.001. Fig. 6 . Effects of anti-IFN-γ antibody on the MN45-mediated responses of IL-12, IFN-γ, IL-4, and IgE production in splenocytes from OVA-allergic diarrhea mice. Splenocytes obtained from OVAinduced allergic diarrhea mice were cultured in the absence (control) and the presence (MN45) of MN45 (1 μg/mL). Anti-IFN-γ antibody (0, 0.1, 1 and 10 μg/mL) was added in the presence of MN45 at the beginning of the culture period. Three or 14 days later, cytokine or IgE levels in the culture supernatant were measured by ELISA, respectively. Significant differences between the absence and presence of anti-IFN-γ antibody on splenocytes were analyzed with two-sided Student's t test. *: p < 0.05 and **: p < 0.01. taining 1.6-15% NaCl (Fig. 2) . It has been reported that the IL-12 induction activity of another T. halophilus strain depends on the NaCl concentration in the culture medium (Masuda et al., 2008) . However, our results showed that MN45 cultured in medium containing 1.6 -10% NaCl exhibited the same Th1-type cytokine induction activity, while the induction activity of this strain grown in medium containing 15% NaCl was the strongest. Therefore, we decided to use MN45 cultured in medium containing 15% NaCl, as this strain was expected to have the strongest anti-allergic effect. It has been reported that Lactobacillus strains having resistance against intracellular digestion by Mφ induce a large quantity of IL-12 (Shida et al., 2006) . A 15% NaCl environment, which produces very high osmotic pressure, may provide rigidity to the solid cell wall or may induce productive substances such as HSP. Therefore, it was supposed that special MN45 structure and composition, induced by the stress, enhanced the immune response. We are now investigating whether the structure or the composition of MN45 changes according to the NaCl concentration of the medium. Next, we examined the suppressive effect of MN45 on IgE production using PP cells and splenocytes from OVAinduced allergic diarrhea mice. OVA-induced allergic diarrhea is classified as a type-1 allergy resulting from excessive serum IgE production through the Th2 predominant response (Hino et al., 2004; Kweon et al., 2000) . We examined the improvement of Th1/Th2 balance and the suppression of IgE production using PP cells and splenocytes of these mice (Fig.  3, Fig. 4) . As a result, MN45 incubated for 2, 3 and 5 days induced a large quantity of Th1-type cytokines (IL-12 and IFN-γ) equally in PP cells and splenocytes (Fig. 3A, B, Fig.  4A, B) , and the Th1-type cytokine induction activity of this strain, cultured for 3 days, was the same as that in normal BALB/c mice (Fig. 1A, B) . Though not every MN45 incubated for 2, 3 and 5 days inhibited Th2-type cytokine (IL-4) production, the ability to improve the Th1/Th2 balance and to significantly suppress IgE production equally was shown in PP cells and splenocytes (Fig. 3C, D, E, Fig. 4 C, D, E) .
Next, we analyzed the mechanism of MN45 suppression of IgE production using splenocytes from OVA-induced allergic diarrhea mice. By the addition of anti-IL-12 or anti-IFN-γ antibody, it was suggested that MN45-induced IL-12 led to IFN-γ induction and that the IFN-γ was involved in the suppression of IgE production without suppressing IL-4 production. It has been reported that IFN-γ not only suppresses IL-4 production by Th2 cells but also regulates IgE class switch recombination in B cells or enhances production of IL-21, which suppresses the synthesis of IgE (Obayashi et al., 2007; Pène et al., 2006; Suto et al., 2002) . We suppose that MN45 induces IFN-γ through IL-12 production, 12 production significantly (Fig. 6A) .
From these results, it was supposed that IFN-γ induced by MN45 led to the suppression of IgE production without a reduction in IL-4.
Discussion
Recently, the immunomodulatory properties or antiallergic effects of various LAB strains isolated from dairy products or human bowel have been reported (Hayashi et al., 2009; Ishida et al., 2005; Kalliomäki et al., 2001) . However, the beneficial functions of LAB isolated from traditional Japanese fermented foods have not been studied sufficiently, and the immunomodulatory functions of LAB isolated from miso have not yet been reported. It has been reported that bacterial structures and bacterial components, including peptidoglycan in the cell wall, lipoteichoic acid, DNA CpG motifs and cytoplasmic heat shock protein (HSP), play important roles in immunomodulatory properties (Lawrence and Nauciel, 1998; Cleveland et al., 1996; Krieg et al., 1995; Skeen et al., 1996) . The halophilic lactic acid bacteria growing in miso may have a special structure and composition that allow it to adapt to high concentrations of NaCl and exhibit strong immunomodulatory properties. Hence, we screened for strains that had the most likely potential to exert suppressive and ameliorative effects on type-1 allergy among 100 LAB strains isolated from miso, and selected MN45, which exhibited strong Th1-type cytokine induction (Table 1) .
As miso is fermented and maturated over a long period, a certain proportion of the LAB die and decompose. Therefore, we analyzed the relationship between MN45 culture time and immunomodulatory activities. The result revealed that MN45 cultured for 2 days exhibited significantly strong Th1-type cytokine induction, and that the activity was stable for 35 days (Fig. 1) . It has been reported that the intact cell structure of LAB is an important element in its immunomodulatory activity and that the mature bacterial cells in the stationary phase induce more Th1-type cytokines than the immature cells in the logarithmic growth phase (Shida et al., 2006; Zeuthen et al., 2008; Sashihara et al., 2007) . In our examination, there was no difference in Th1-type cytokine induction between MN45 cultured over a long period of time (35 days) and a short period of time (2 days). Therefore, it was inferred that MN45 Th1-type cytokine induction activity might depend not only on the intact structure, but also on certain components or some part of the structure of the cell wall.
Next, in order to examine whether the NaCl concentration in the culture medium of MN45 affects its immunomodulatory activity, we compared the Th1-type cytokine (IL-12 and IFN-γ) induction activity of MN45 cultured in medium con-
